Introduction {#sec0005}
============

Congenital clubfoot (CCF) is a deformity characterized by a complex misalignment of the feet, involving both soft and bony parts, with varus and equinus deformity of the hindfoot (talipes equinovarus), as well as cavus and adduction of the midfoot and forefoot.[@bib0155], [@bib0160], [@bib0165], [@bib0170], [@bib0175] Its incidence is approximately one in every 1000 live births, with a predominance of males at the ratio of 2:1, and with bilateral involvement in 50% of cases.[@bib0180], [@bib0185]

CCF has a wide variety of clinical expressions; some classifications consider only the clinical aspects, while others also take radiographic features into account. To date, no classification has prevailed. Nonetheless, the literature indicates that the most used classification is the Pirani[@bib0190] scale, which is simpler and more recent.

The first reference to CCF treatment was described by Hippocrates (400 BC), who mentioned repeated and gentle manipulations, followed by immobilizations. Guerin is known as the first physician to use plaster in 1836. Around the 20th century, new technologies were developed to support these corrections, such as the Thomas device. In 1932, Kite[@bib0195] advocated smooth and repeated manipulations followed by plaster immobilization, in an attempt to prevent forced and prolonged corrections. This combination became known as the Kite method for CCF treatment.[@bib0200]

Around 1940, Ponseti, after several in-depth studies of the pathological and functional anatomy of the CCF, developed and perfected his treatment technique. Ponseti described details about maneuvers and plaster immobilization, as well as follow-up after Achilles tendon resection, guided by the patient\'s age. He also identified and published the most common errors in treatment management at the time.[@bib0205] The most important advantage of the Ponseti method is the degree of mobility achieved at the end of treatment when compared with other techniques.[@bib0200]

His method is based on gentle manipulations and serial plaster changes, percutaneous resection of the Achilles tendon, and the use of a foot abduction brace.[@bib0155], [@bib0170], [@bib0210] It has become the preferred method for treating idiopathic CCF in many countries.[@bib0175], [@bib0215], [@bib0220] In the past decade, with its wide acceptance, this method has been extended to be used in older children[@bib0225], [@bib0230]; complex and refractory feet[@bib0235]; recurrent feet,[@bib0240] including recurrence after extensive surgical decompression[@bib0245]; relapsed feet, without taking into account non-idiopathic cases such as myelomeningocele,[@bib0250], [@bib0255] and distal arthrogryposis.[@bib0260], [@bib0265] The foundation of the manipulation technique consists of correcting deformities through plastic change of contracted and shortened elements, which have a high elastic capacity in children, especially in the first year of life. Ponseti advocated that clinical and physical examinations are paramount; he did not value imaging exams in his assessments. Other authors, such as Pirani et al.,[@bib0270] used magnetic resonance imaging (MRI) to confirm that the Ponseti method, in addition to correcting the relationship between the foot bones, also promoted mechanical stimuli that were important and played a role in bone remodeling.

CCF treatment with the Ponseti technique is widely used in many countries due to its good results, close to 90%.[@bib0170], [@bib0215], [@bib0220], [@bib0275], [@bib0280] In turn, approximately 50% of patients treated with Kites' technique require surgical intervention and 40% present residual deformity.[@bib0285] Another interesting factor to support the Ponseti technique is that the treatment lasts between two and four months, and manipulations with orthoses for four years,[@bib0290] while Kites' technique lasts for approximately 22 months. Herzenberg et al.[@bib0295] have reported that, with the Ponseti method, only 3% of cases needed posteromedial decompression surgery, *vs.* 94% of cases in other contemporary techniques.

This study was designed to evaluate the functional and clinical outcome of patients with CCF who were treated by the Ponseti technique.

Methods {#sec0010}
=======

A retrospective study in a university hospital diagnosed 31 patients with idiopathic CCF treated with the Ponseti technique in the Orthopedics Clinic between April 2006 and September 2011. Patients presenting rigid feet were excluded, and those with flexible feet were included.

Three newborns were diagnosed at another hospital before screening in this hospital; six newborns abandoned treatment.

Patients were identified and selected from the database of the orthopedics department; after selection, their medical information and records were collected. Data were thoroughly analyzed using the Pirani scale to detect progress in the use of the Ponseti technique.

Patients were clinically diagnosed and treated by the foot and ankle group, which also analyzed the results using the Pirani scale. The diagnosis is based on clinical deformities presented by patients at the time of evaluation. Characteristics of the deformities are cavus, adductus, varus, and equinus.

Several variables were included: gender, age, family history, affected foot, early diagnosis, treatment onset and duration, associated deformities, number of plaster changes, need for tenotomy and type of anesthesia, Pirani scores before and after treatment, as well as recurrence and follow-up time.

Clubfoot has different expressions. There are classifications that consider only clinical aspects and others that also take into account the radiographic characteristics. To date, no severity classification system has prevailed. However, the main classification is the Pirani scale, which is simpler and more recent, but is still in the validation phase. It is based on a simple classification system, consisting of three variables in the hindfoot and three in the midfoot. Each variable can be marked from zero to one.

In order to assess the results obtained with the Ponseti technique, the Pirani scale was applied before and after the proposed treatment.[@bib0195] Statistical analysis was done by a qualified practitioner in the field. The Wilcoxon test for paired samples (*p*-value ≤0.0001) was used.

Results {#sec0015}
=======

Of the 31 patients evaluated, 20 (64.5%) were male and 11 (35.5%) were female. Twenty patients (64.5%) had bilateral involvement and 11 (35.5%), unilateral. The right side was affected in 25 patients (80.6%), and the left side, in six (19.4%). Thirty patients (96.8%) had not previously received treatment, while one had undergone previous treatment (3.2%). Twenty-eight patients (90.3%) had no associated deformity, and three (9.7%) had a positive family history of CCF. Previous diagnoses were made by ultrasound in three patients. Due to the socioeconomic status of patients, many did not receive adequate explanation for an early diagnosis. Many of them were from other states, which have low-quality ultrasound machines and inexperienced examiners. Tenotomy of the Achilles tendon was necessary in 26 patients (84%). The mean number of plaster changes to tenotomy was 5.8 (range between 4 and 9). Recurrence was observed in six (23.1%) of the 26 patients. During follow-up, six patients abandoned treatment (19.4%, [Table 1](#tbl0005){ref-type="table"}). Mean age at initial evaluation was 17.9 months (range: 7 days to 12 years). The mean follow-up time was 30.2 months (range: 4--50), as shown in [Table 2](#tbl0010){ref-type="table"}. Improvements of the deformities were observed in 46 of the 51 treated feet (90.2%). The initial Pirani score individualized by side (*n* = 51) was 5.5 (range: 4--6); after treatment, the mean was 3.6 (range: 3--5). These results had *p*-values \<0.0001 ([Table 3](#tbl0015){ref-type="table"}).

Discussion {#sec0020}
==========

Although the study, the research of medical records, clinical diagnosis, and treatment were conducted in an orderly manner, the number of patients at the presentation of the results was still low, representing only a small portion of all cases of clubfoot treated in this service.

Nonetheless, family understanding of the treatment and its difficulties, whether physical or psychological, were strongly emphasized through guidance to parents and illustrated booklets. It was observed that some families had difficulties in understanding the importance of treatment and its goals. In these cases, more careful monitoring was necessary, aiming to complete the treatment at the desired levels.

Idiopathic clubfoot was defined as those that did not have a defined etiology, and neurological clubfoot as those with a central, spinal, or peripheral disease. These patients were newborns and presented the hormone relaxin. There was improvement in the standing position, but with partial recurrence.

Gender and the predominance of the affected side were in agreement with the literature, in the ratio of 2:1 between men and women,[@bib0180], [@bib0185] and the right side was the most affected.[@bib0180], [@bib0185], [@bib0300] However, the present study observed a higher bilateral incidence (64.5%) than that reported in the literature (50%).[@bib0180], [@bib0185]

Tenotomy of the Achilles tendon was necessary in 26 patients (84%), which is in agreement with the current literature (between 70% and 90%).[@bib0155], [@bib0170], [@bib0215], [@bib0225], [@bib0300] In the present study, the mean number of plaster changes before tenotomy[@bib0175], [@bib0190] was six, which is also in agreement with the literature.[@bib0155], [@bib0170], [@bib0210], [@bib0215], [@bib0225], [@bib0275], [@bib0280]

Recurrence was observed in six patients. Four cases were idiopathic recurrences, and two recurrences were associated with incorrect use of the orthosis.

In all four idiopathic recurrence cases, a transposition of the anterior tibial tendon to the third cuneiform and percutaneous transposition of the Achilles tendon was performed. Six weeks after surgery, the ankle and foot orthosis was applied, being used for six months.

Eight relapsed feet without prior treatment were observed in patients older than 4 years. In such cases, transposition of the anterior tibial tendon was performed after the plaster changes, followed by six months of ankle and foot orthosis instead of the Denis Browne bar, as these patients were already walking. Recurrence of deformity occurred in one case, and an external circular fixator was used.

The success rate of the present study was 90.2%, very close to those cited in the literature and in Ponseti\'s original article.[@bib0170], [@bib0215], [@bib0225], [@bib0275], [@bib0280] Functional and clinical advances were also observed in the present treated patients, with a 90.2% success rate (46 of the 51 feet treated) and a mean improvement in the Pirani scale of 65.5% (a decrease from 5.5 to 3.6).

Conclusion {#sec0025}
==========

The Ponseti method was effective in the treatment of CCF regarding functional and clinical outcomes. Furthermore, its effectiveness was proven and measured by the statistically significant Pirani scale improvements described in the present study.
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###### 

General characteristics of patients.

Table 1

  Qualitative variables                             *n*   \%
  ------------------------------------------------- ----- ------
  *Side*                                                  
   Right                                            25    80.6
    Left                                            6     19.4
                                                          
  *Sex*                                                   
   Female                                           11    35.5
   Male                                             20    64.5
                                                          
  *Previous treatment*                                    
   No                                               30    96.8
   Yes                                              1     3.2
                                                          
  *History of congenital clubfoot*                        
   No                                               28    90.3
   Yes                                              3     9.7
                                                          
  *Diagnosis by ultrasound*                               
   No                                               28    90.3
   Yes                                              3     9.7
                                                          
  *Anesthesia*                                            
   General                                          1     3.4
   Sedation (in the operating room)                 25    86.2
   No                                               3     10.3
                                                          
  *Recurrence*                                            
   No                                               20    76.9
   Yes                                              6     23.1
                                                          
  *Recurrence period*                                     
   Six months after ankle-foot orthosis             1     16.7
   11 months after orthosis                         1     16.7
   Two years after orthosis                         1     16.7
   Two months after orthosis                        1     16.7
   Six months after orthosis                        1     16.7
   Initial period of ankle-foot orthosis            1     16.7
                                                          
  *Return to plaster casts*                               
   Yes and abandonment of treatment                 1     16.6
   Yes                                              3     50.0
   No                                               2     33.3
                                                          
  *Transposition of the anterior tibialis tendon*         
   No                                               17    68.0
   Yes                                              8     32.0
                                                          
  *Correct use of the orthosis*                           
   No                                               9     36.0
   Yes                                              16    64.0
                                                          
  *Duration of orthosis use*                              
   Three years                                      8     32.0
   Four years                                       14    68.0

###### 

Age of the patient and follow-up duration.

Table 2

                                          *n*   Medium   Minimum   Maximum
  --------------------------------------- ----- -------- --------- ---------
  Age at first consultation (in months)   31    17.9     2.9       144.0
  Follow-up period (in months)            31    30.2     40.1      50.0

###### 

Results.

Table 3

                                          *n*   Mean   Medium   Minimum   Maximum
  --------------------------------------- ----- ------ -------- --------- ---------
  Number of cast changes until tenotomy   31    5.8    6.0      3.0       9.0

  Individual measurement by affected foot   *n*   Mean   Medium   Minimum   Maximum
  ----------------------------------------- ----- ------ -------- --------- ---------
  Initial Pirani scale                      51    5.5    5.5      3.5       6.0
  Final Pirani scale                        51    3.6    3.5      3.0       5.0
